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(54) Radio communication device and electronic apparatus having the same 



(57) A radio communication device (10) includes an 
antenna (1 ) for a predetermined frequency band, a radio 
communication circuit (4, 5) connected to the antenna 
(1 ), and a ground pattern (3) connected to the antenna 



(1 ), a peripheral length of the ground pattern being 0.7 
to 1 .4 times as great as one wavelength of the prede- 
termined frequency band. With the structure, it is possi- 
ble to obtain a broader band characteristic without de- 
teriorating the radiation efficiency of the antenna (1). 
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Description 

[0001] The present invention relates to a radio communication device having a radio communication function and 
an electronic apparatus having the same. 
5 [0002] A radio communication system called the "Bluetooth" has recently appeared as one short distance radio 
communication system for a mobile personal computer and portable terminal device. This radio communication system 
has an availablefrequency band of 2400 MHz to 2483.5 MHz and adopts a spread spectrum system using a frequency 
hopping. 

[0003] The hopping channel is 79 waves (2402 MHz to 24B0 MHz) at an interval of 1 MHz and the transmission rate 
10 is 1 Mbps and the communication distance is relatively short on the order of 10m at a transmission power of 0 dBm 
and 1 00m at a transmission power of +20 dBm. 

[0004] In the case where a radio communication apparatus of such a short distance radio communication system is 

mounted on a portable personal computer such as a notebook size personal computer, an antenna such as a rod 
antenna used in a manner to be outwardly projected provides an obstacle at a time of use and some idea should be 
f5 given to the antenna so as not to be projected outwardly from inside the personal computer. 
[0005] In order to achieve this purpose, it may be possible to use a chip antenna. 

[0006] In the notebook size personal computer, a liquid crystal display panel serving also as a cover is hinged to the 
upper end portion of a keyboard-attached body such that it can be supported at one end side in a swingably openable/ 
closable way, In use of the personal computer, the cover is swung open and, in order to prevent a radiation of an 

20 electromagnetic wave, the personal computer is so constructed that the interior of a housing of the body and interior 
of a housing of the cover are electromagnetically shielded by an electroconductive paint and shield panel. 
[0007] The body is occupied by a battery, connectors, floppy disk drive, CD-ROM drive, PC card slot, substrate 
including a CPU, memories, interface circuit, etc., and keyboard and so on and there is no space available and, in the 
case where an antenna is adopted on the personal computer from the outset, it follows that it will usually be attached 

25 to the cover having a built-in liquid crystal display panel 

[0008] When, in this case, the liquid crystal display panel of the cover is opened and closed, then a state around a 
mounted antenna varies greatly and there occurs a shift of the band characteristic. If, therefore, a chip antenna is to 
be adopted, it is necessary to use a broader-band one. 

[0009] Jpn. Pat. Appln. KOKAI Publication No. 10-145124 discloses the chip antenna technique using a broader 
so band. This document provides a chip antenna for allowing the use of a radio device for transmitting and receiving a 
frequency over a broader band. 

[001 0] A chip antenna is comprised of a very small rectangular body having a cross-section size of a few millimeters 
x a few millimeters and a length of below about 1 cm. Stated in more detail, the chip antenna comprises a small 
rectangular substrate made principally of barium oxide, aluminum oxide and silica and a spirally wound conductor 
35 provided in the longitudinal direction of the rectangular substrate in which case a resistor is connected at one end to 
the conductor on the surface of the substrate and, further, a feeding terminal is provided for applying a voltage to the 
conductor through the other end of the resistor. 

[0011] By this structure, the conductor and resistor are connected in a series array and, by connecting the conductor 
and resistor in a series array in the chip antenna, it is possible to lower a substantially Q (quality factor) of the chip 
■to antenna and, by doing so, to obtain a broader band width. 

[0012] This conventional technique, however, involves a problem because the broader band is achieved by providing 
a resistor in the chip antenna and lowering the Q. 

[0013] This means that there is a limitation on the broading of the band obtained by connecting the conductor and 
resistor in a series array in the chip antenna. That is, a loss is increased by increasing the series resistance and must 
45 be restricted to an allowable range. 

[0014] Accordingly, it is an object of the present invention to provide a radio communication device for obtaining a 
broader band characteristic without deteriorating the radiation efficiency of an antenna and an electronic apparatus 
equipped with the same. 

[0015] According to one aspect of the present invention, there is provided a radio communication device comprising: 
so an antennaforapredeterminedfrequencyband; a radio communication circuitconnected to the antenna; andaground 
pattern connected to the antenna, a peripheral length of the ground pattern being 0.7 to 1 .4 times as great as one 
wavelength of the predetermined frequency band. 

[0016] According to another aspect of the present invention, there is provided a radio communication device com- 
prising: an antenna for a predetermined frequency band, the predetermined frequency band being 2.4 GHz to 2.5 GHz; 
55 a radio communication circuit connected to the antenna; and a ground pattern connected to the antenna, a peripheral 
length of the ground pattern being 90 mm to 1 70 mm. 

[0017] Accordingto still another aspect of the present invention, there is provided an electronic apparatuscomprising: 
means for processing information; means for allowing radio communication of the information processed by the means 
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for processing information; an antenna for a predetermined frequency band which is connected to the means for al- 
lowing radio communication; and a ground pattern connected to the antenna, a peripheral length of the ground pattern 
being 0.7 to 1 .4 times as great as one wavelength of the predetermined frequency band. 

[001 8] According to still another aspect of the present invention, there is provided an electronic apparatus comprising: 
s means for processing information; means for allowing radio communication of the information processed by the means 
for processing information; an antenna for a predetermined frequency band which is connected to the means for al- 
lowing radio communication, the predetermined frequency band being 2.4 GHz to 2.5 GHz; and a ground pattern 
connected to the antenna, a peripheral length of the ground pattern being 90 mm to 1 70 mm. 
[0019] This summary of the invention does not necessarily describe all necessary features so that the invention may 
10 also be a sub-combination of these described features. 

[0020] The invention can be more fully understood from the following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIGS. 1 A to 1 C show an arrangement of a radio communication unit according to a first embodiment of the present 
15 invention; 

FIG. 2 is a perspective view showing an arrangement of a notebook size personal computer according to a second 
embodiment of the present invention; 

FIG. 3 is an input VSWR (standing wave ratio) characteristic diagram at the inputting section of a chip antenna in 
the case where the whole peripheral length of a ground pattern on a printed circuit board of a radio communication 

20 module is set to 13.5 cm; 

FIG. 4 is a view showing an antenna radiation pattern characteristic in the radio communication unit shown in FIG. 2; 
FIG. 5 is a view showing an arrangement of a radio communication unit in the case where a ground pattern of an 
analog circuit section at the peripheral side of a chip antenna in a third embodiment of the present invention and 
a ground pattern of a digital circuit section in a digital circuit processing system are separated in a high frequency 

25 way; 

FIG. 6 is a perspective view showing a structure of a notebook size personal computer according to a fourth 
embodiment of the present invention; 

FIG. 7 is a perspective view showing a structure of a notebook size personal computer, as seen from a back surface 
side, according to the fourth embodiment of the present invention; 
30 FIG. 8 is a perspective view showing a structure of a notebook size personal computer according to a fifth embod- 

iment of the present invention; 

FIG. 9 is a perspective view showing a structure of the notebook size personal computer according to the fifth 
embodiment of the present invention; and 

FIG. 1 0 is a perspective view showing a structure of a notebook size personal computer as a modification of the 
35 fifth embodiment of the present invention. 

[0021] The embodiments of the present invention will be described below with reference to the drawing. 

<First Embodiment 

40 

[0022] FIG. 1A shows an arrangement of a radio communication unit 10 according to a first embodiment of the 
present invention. The radio communication unit 10 includes, on a printed circuit board 2, a chip antenna 1 and RF 
circuit section 4 of an analog circuit section for processing transmit/receive radio waves, a baseband section, and a 
digital circuit section 5 serving as a digital processing system. 

45 [0023] The chip antenna 1 may be one of a chip dielectric antenna and a chip multilayer antenna. Preferably, either 
of the chip dielectric antenna and the chip multilayer antenna may be made of ceramic (i.e., a ceramic antenna), 
[0024] As practical circuit forms near the chip antenna 1 and RF module (such as the RF circuit section) 4 in the 
analog circuit system section use is made of these forms as shown in FIGS. 1 B and 1 C. As shown in FIG. 1 A, according 
to the present embodiment, the chip antenna 1 section is provided on one surface side of a rectangular printed circuit 

so board 2 and situated near to one longitudinal end of the printed circuit board 2. The printed circuit board 2 is comprised 
of a rectangular strip-like board with a GND (ground) pattern 3 of a wide area formed thereon. 
[0025] In this example, the wide-area GND configuration (configuration of the ground pattern 3) of a printed pattern 
is an L-shape type with the chip antenna 1 mounted portion and its nearby portion cut away. This ground pattern 3 is 
used as ground at least analog circuit section of a radio communication unit using the chip antenna 1 . 

55 [0026] In the present embodiment, with X and Y representing the vertical and horizontal lengths, respectively, of the 
ground pattern 3, a sum of the X and Y is set to be close to 1/2 wavelength of an available radio band, that is, close 
to 1 wavelength of an available radio band when considered from its whole peripheral length. That is, for the case of 
a square ground pattern 3, the vertical and horizontal lengths are X and Y and its whole peripheral length is 2 x (X+Y) 
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and, since X+Y is nearly 1/2 wavelength, the whole peripheral length becomes nearly 2 X (X+Y) = nearly one wave- 
length. 

[0027] Thus, the radio communication unit 1 0 of this embodiment is of such a type thatthe chip antenna 1 is provided 
on one surface side of the rectangular printed circuit board 2 and located near to one longitudinal end of the rectangular 
printed circuit board and, since the ground pattern 3 of the analog circuit section has a length sum of its vertical length 
X and horizontal length Y set to nearly a 1 12 wavelength of an available radio band, the ground pattern 3 itself resonates 
with the available radio frequency of the radio communication unit 10 and it is, therefore, possible lo obtain an adequate 
band characteristic. 

[0028] Table 1 below shows an example of experiments done. The available frequency band of the "Bluetooth" is in 
a range of 2400 MHz to 2483.5 MHz and, in the 2400 MHz, its one wavelength is 125 mm. Further one wavelength of 
2483.5 MHz is 120.8 mm. Table 1 shows a result of verification as to how the frequency band varies for a ground 
pattern having a pattern's whole peripheral length corresponding to a wavelength involved in its peripheral frequency 
range including the frequency above. 



Table 1 



GNDsize[mm] 


Whole peripheral length [mm] 


Frequency band [NHz] 


Effect obtained 


Y=45, X=20 


130 


358 


good 


Y=35, X=20 


110 


201 


good 


Y=25, X=20 


90 


147 


mildly good 


Y=25, X=30 


110 


287 


good 


Y=25, X=40 


130 


374 


good 


Y=25, X=50 


150 


190 


good 


Y=25, X=60 


170 


127 


mildly good 



[0029] As evident from Table 1 , when the size of the GND pattern 3 is Y = 45 mm and X = 20 mm, that is, the whole 
peripheral length is 130 mm, the frequency band becomes 358 MHz and, in comparison with the conventional one 
(100 MHz), the effect obviously proves good. Further, when Y = 35 mm and X = 20 mm, that is, the whole peripheral 
length is 11 0 mm, the frequency band becomes 201 MHz and the effect also proves obviously good. 
[0030] Further, when Y = 25 mm and X = 20 mm, that is, the whole peripheral length is 90 mm, the frequency band 
becomes 147 MHz and, in comparison with the conventional one (100 MHz), the effect is good butto a mild extent. 
[0031] Further, when Y = 25 mm and X = 30 mm, that is, the whole peripheral length is 11 0 mm, the frequency band 
becomes 287 MHz and, in comparison with the conventional one (1 00 MHz), the effect proves adequately good. 
[0032] Further, when Y = 25 mm and X = 40 mm, that is, the whole peripheral length is 130 mm, the frequency band 
becomes 374 MHz and the effect also proves adequately good. 

[0033] Further, Y = 25 mm and X = 50 mm, that Is, the whole peripheral length is 150 mm, the frequency band 
becomes 1 90 MHz and, in comparison with the conventional one (1 00 MHz), the effect proves adequately good. 
[0034] When Y = 25 mm and X = 60 mm, that is, the whole peripheral length is 1 70 mm, the frequency band becomes 
127 MHz and, in comparison with the conventional one (100 MHz), the effect proves good butto a mild extent. 
[0035] From the above-mentioned experiments it is evident that, in the whole peripheral length range form 110 mm 
to 150 mm nearly corresponding to a range from one wavelength (125 mm) of 2400 MHz to one wavelength (120.8 
mm) of 2483.5 MHz, the frequency band becomes 374 MHz to 190 MHz, that is, 3.7 to 1 .9 times as great as the 
conventional one and that, when the whole peripheral length is 90 mm and 170 mm, the frequency band becomes 147 
MHz and 127 MHz, respectively, that is, 1 .47 to 1 .27 times (mildly good) as great as the conventional one and it is 
evident that, when the whole peripheral length of the ground pattern 3 is set close to one wavelength of an available 
frequency, an adequate frequency band multiplication effect is obtained. 

[0036] Thus, when the whole peripheral length of the ground pattern is set close to one wavelength of an available 
radio band, then a prominent effect is obtained for a broader band use. 

[0037] The antenna itself is to an extent that it is possible to secure a 1 00 MHz band at most but, by setting the whole 
peripheral length of the ground close to one wavelength of a frequency of an available radio frequency band, it is 
possible to obtain a band of about 350 MHz. From this it may be considered that, when the ground pattern itself of the 
printed circuit board has such a whole peripheral length, a resonance phenomenon occurs at a frequency band of an 
available frequency. 

[0038] When, therefore, such a given ground pattern configuration is selected, the ground pattern itself is resonant 
to this radio band and it becomes possible to obtain an adequate band characteristic. 

[0039] From Table 1 it is found that, for the Bluetooth case with an available frequency band of 2.4 GHz to 2.4835 
GHz, an adequately effective whole peripheral length is 110 mm to 150 mm. Considered from this in terms of the 
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frequency range it may be said that an adequately good range is from 0.88 wavelength (110 mm/125 mm = 0.88 
wavelength) to about 1 .24 wavelength (150 mm/121 mm = 1 .239 wavelength) of the band frequency. 
[0040] The whole peripheral length when it is confirmed, though not being adequate, that the band characteristic is 
made broader than the conventional one is 90 mm and 1 70 mm and, since the wavelength range is from 90 mm/125 
5 mm = 0.72 wavelength for the former case to 170 mm/121 mm = 1 .40 wavelength for the latter case, it may be said 
that a plausibly effective whole periphery length is in a range from about 0.7 wavelenglh lo about 1 ,4 wavelength of a 
band frequency. 

[0041] From these it may be said that, upon experimentally estimating the best range, the whole peripheral length 
of the ground pattern on the printed circuit board is nearly one length of an available band frequency. Stated in more 
io detail, the whole peripheral length of the ground pattern is in a range from about 0.7 wavelength to about 1 .4 wavelength 
of a band frequency, preferably in a range of about 0,8 wavelength to about 1 .25 wavelength, and more preferably, in 
a range of about 0.85 wavelength to about 1 .05 wavelength of a band frequency. 

[0042] A practical embodiment of a radio communication unit using a printed circuit board with such chip antenna 1 
provided thereon will be explained below as a second embodiment. 

15 

<Second Embodiment 

[0043] FIG. 2 is a perspective view showing a portable type personal computer, such as a notebook size personal 
computer 20, having the radio communication unit 10 using a printed circuit board with the chip antenna 1 provided 

20 thereon. As shown in FIG. 2, it is mounted inside the back surface side of a cover 20a of the notebook size personal 
computer20 with aflat panel display, such as a liquid crystal display (LCD), attached thereto, that is, inside a housing 
comprised of a cover 20a and at the back surface side of the liquid crystal display 24. The liquid crystal display 24 has 
its back surface covered with a metal case serving as both a reinforcement member and magnetic shield and the radio 
communication unit 1 0 is attached to the back surface of the shield case of the liquid crystal display 24 with a ground 

25 pattern of a printed circuit board located on the back surface of the shield case. 

[0044] It is to be noted that, in order to secure a better transmit/receive environment of the chip antenna, the radio 
communication unit 1 0 is located in the cover 20a such that an antenna section is outwardly projected from the shield 
case of the liquid crystal display 24. 

[0045] In the case where the interior of the cover 20a is wholly magnetically shielded by being coated with a con- 
30 ductive paint, the radio communication unit 10 has its antenna section projected by about 5 mm, or more, from the 
cover 20a. 

[0046] FIG. 3 shows an input VSWR (standing wave ratio) characteristic at an input section of the chip antenna 1 in 
which case the radio communication unit 1 0 here used 2.4 GHz (one wavelength: 1 2.5 cm) to 2.5 GHz (one wavelength: 
12 cm) and the whole peripheral length of a ground pattern 3 on the printed circuit board 2 of the radio communication 
35 unit 10 is set to be 13.5 cm which is a 1.1 wavelength corresponding to a wavelength of 12.25 cm at a midpoint of an 
available radio band. 

[0047] As shown on the characteristic diagram, since the radio communication unit 10 is mounted on the notebook 
size personal computer with its antenna section outwardly projected from the shield case of the liquid crystal display 
24, the antenna alone allows the input VSWR ^ 2 band which was about 1 00 MHz in the conventional case to be made 
40 broader up to about 350 MHz and from this it is found that a stable input VSWR characteristic is obtained even with 
the liquid crystal display in an ON state or in an OFF state. By adopting such a mounting structure it is possible to 
obtain an antenna radiation characteristic of a stable performance. 

[0048] FIG. 4 shows an antenna radiation pattern characteristic on an x-y plane in the structure of FIG. 2. 

[0049] The characteristic as indicated by a solid line corresponds to the case where the antenna 1 section is projected 

45 from the upper end of the shield case of the liquid crystal display, (LCD) 24 and located on the back surface side, that 
is, the radio communication unit 1 0 is mounted on the back surface side of the LCD with its antenna 1 section projected 
5 mm from the upper end of the cover 20a and the characteristic as indicated by a broken line corresponds to the case 
where the antenna 1 section is attached to the shield case of the liquid crystal display 24 without being projected, that 
is, the radio communication unit 10 is located inside the cover 20a with its antenna 1 section not projected from the 

50 upper end of the cover 20a. There is an about 6 dB drop for the latter case in comparison with the former case. 

[0050] This 6 dB difference, being converted to a radio wave reaching distance, becomes about one-half-distance. 
In the case where an electromagnetic shield structure is adopted by coating the inner side of the cover 20a with an 
electroconductive paint, it is important that, in order to allow a radio wave to be readily received from an outside and 
readily transmitted toward the outside, at least the antenna 1 section be projected from the cover 20a. In the case 

55 where a ground pattern section, being broader in its area, it attached to the back surface of the liquid crystal display 
24, the housing itself becomes hardly larger because only the chip antenna 1 section of a smaller size is projected. It 
is to be noted that the extent to which the chip antenna 1 section is outwardly projected from the cover 20a is about 
10 mm. 
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[0051] That is, in this embodiment, the radio communication unit 10 serving as a radio communication device is of 
a type as used in the first embodiment and the chip antenna section alone is so arranged as to be projected from the 
shield case of the liquid crystal display and it is possible to readily radiate a radio wave and obtain a broader directivity 
performance, The radio communication unit 10 has its ground pattern made broader in area relative to the printed 
circuit board and, if this section is attached to the back surface of the liquid crystal display 24, only the chip antenna 
1 section of a smaller area is projected by a range of about 10 mm, so that the housing itself becomes hardly larger 
in size. 

[0052] The foregoing are the cases where the whole peripheral length of the ground pattern is set close to one 
wavelength of an available frequency band. However, there are sometimes the cases where it is not set close to such 
one length because the ground pattern is greater in area and complex in shape. This is handled by the following third 
embodiment. 

<Third Embodiment* 

[0053] In this third embodiment, in order to set a whole peripheral length of a ground pattern of an analog circuit 
section around a chip antenna 1 close to about one wavelength of an available radio band, a ground pattern 3a of the 
analog circuit section around the chip antenna 1 and aground pattern 3b of a circuit section including a high frequency 
circuit section and baseband section are formed separately. And both the ground patterns 3a and 3b are separated in 
a high frequency way and connected in a DC current way. To this end, these ground patterns are connected by a chip 
inductor 55. 

[0054] By doing so, the separately formed ground patterns 3a and 3b are connected in a DC current way and divided 
in a high frequency way due to a high impedance involved, so that, by being seen in the high frequency way, the ground 
pattern 3a on the analog circuit section at the peripheral side of the chip antenna 1 enables its whole peripheral length 
to be set to be about one wavelength of a frequency of an available radio band. 

[0055] This embodiment provides a practical example for handling the case where ground pattern, being longer in 
area and complex in shape, does not have its whole peripheral length set close to one wavelength of a frequency of 
an available radio band. 

[0056] In such a situation, as set out above, the ground pattern 3 is comprised of a plurality of divided sections 
mutually separated in a high frequency way. For example, FIG. 5 shows a two-divided example and, as shown in FIG. 
5, the ground pattern on the printed circuit board 2 comprises separated areas 3a and 3b. The area 3a is comprised 
of a ground pattern of the analog circuit section (radio analog system in a radio communication unit 1 0) at the peripheral 
side of the antenna 1 and the area 3b is comprised of a ground pattern of a digital circuit section 53 of a digital processing 
system in the radio communication unit 1 0. The two ground patterns 3a and 3b are electrically connected by the chip 
inductor 55, so that these ground patterns provide one body as seen in a DC current way but they are separated in a 
high frequency way. 

[0057] That is, the radio communication unit 1 0 constructing the third embodiment shown in FIG. 5 (plan view) has 
the chip antenna 1 , RF circuit section and baseband section mounted on the printed circuit board 2 and the ground 
pattern is comprised of two separated areas, not a single area. By connecting the separated ground patterns 3a and 
3b by the chip inductor 55, these ground patterns are connected in a DC current way and divided in the high frequency 
way due to a high impedance involved. 

[0058] Even in the structure of FIG. 5, the radio communication unit 10 is so configured that, as in the structure 

shown in FIG. 1 A, the antenna 1 is attached to one surface side of a rectangular printed circuit board 2 and situated 

near to one longitudinal end portion of the rectangular printed circuit board 2. The printed circuit board 2 is comprised 

of a rectangular strip-like configuration on which wider GND (ground) patterns 3a and 3b are formed. 

[0059] The printed circuit pattern's wider area GND configuration is not comprised of a single area but comprised of 

two divided areas 3a and 3b, the area 3a constituting a first ground pattern 3a situated at an area having a mounted 

antenna 1 and the area 3b constituting a second ground pattern 3b situated at another area. 

[0060] Thefirst ground pattern 3a is of an L-shaped configuration with a chip antenna 1 mounting area and its nearby 

area eliminated. The second ground pattern 3b is square in shape and separated from the first ground pattern 3a and 

connected by the chip inductor 55 to the first ground pattern 3a to provide one unit in a DC current way. 

[0061] In this embodiment, only the first ground pattern 3a has its whole outer extending distance set to a length 

close to one wavelength of one available radio band. Stated in more detail, the whole peripheral length of an outer 

configuration of the first ground pattern 3a is set to a length (about 0.8 to 1 .25 of the length of available radio band) 

range near to one length of an available radio band. 

[0062] If the outer configuration is square, then it follows that the sum of the vertical length X and horizontal length 
Y is set to a length close to one-half length of an available radio band. 

[0063] The radio communication unit 10 of this embodiment as shown in FIG. 5 is so configured that the chip antenna 
1 is provided on one surface side of the rectangular printed circuit board 2 and situated near to one longitudinal end 
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portion of the printed circuit board 2 and the ground pattern 3 is divided into two (or three or more if necessary) areas. 
In this case, one ground pattern 3a has a sum of its vertical length X and horizontal length Y set to a length close to 
one-half wavelength of an available radio band (a length of about 0.8 to 1 .25 corresponding to a length close to one- 
half wavelength of an available radio band) and, by doing so, in a high frequency way, the ground pattern 3a itself is 
resonant to the available radio band of the radio communication unit 10. It is, therefore, possible to obtain an adequate 
band characteristic. 

[0064] In the third embodiment, the ground pattern 3a of the analog circuit section at the peripheral side of the chip 
antenna 1 and ground pattern 3b in the circuit section 53 including the high frequency circuit section 53 and baseband 
section are separated in the high frequency way and connected together by the chip inductor 55. By doing so, these 
ground patterns are connected in the DC current way and divided in the high frequency way due to a high impedance 
involved and, upon being seen in the high frequency way, the ground pattern 3a of the analog circuit section at the 
peripheral side of the chip antenna 1 has its whole peripheral length set to be about one wavelength of the frequency 
of the available frequency band. 

[0065] Even if the ground pattern as a whole has its whole peripheral length far exceed a length corresponding to 
about one wavelength of the frequency of the available radio band, the ground pattern 3a of the analog circuit section 
has its whole peripheral length selected to a value close to one wavelength of a frequency of the available radio band 
and it is, therefore, possible to obtain an about 350 MHz band performance in the same way as set out above. 

<Forth Embodiment 

[0066] A fourth embodiment of the present invention will be explained below with references to FIGS. 6 and 7. Here, 
an explanation will be made about the case where the radio communication unit 10 of the first and third embodiments 
cannot secure a space enough great to be stored in the cover with a liquid crystal display of a notebook size personal 
computer stored therein. 

[0067] FIG. 6 shows a structure of the fourth embodiment of the present invention and it shows a structure and 
connection relation of a chip antenna 1 and radio module 60 in the notebook size personal computer. The structure of 
FIG. 6 is of such a type that a radio communication unit is divided into two sections, that is, an antenna substrate 
section 2a with a chip antenna 1 mounted thereon and a radio module substrate section 2b with a radio module 60 
mounted thereon with these substrates 2a and 2b connected by a coaxial cable 61 . 

[0068] Even in this embodiment, a ground pattern configuration of the antenna substrate 2a has its whole peripheral 
length set to a value close to one wavelength of a frequency of an available radio band as set out above. 
[0069] And the antenna substrate section 2a with the chip antenna 1 mounted thereon is attached to a cover 20a of 
the notebook size personal computer 1 0 and the radio module substrate section 2b with the radio module 60 mounted 
thereon is attached to a body 20 section of the notebook size personal computer 20. 

[0070] In order to electromagnetically shield the liquid crystal display 24, the inner surface or a housing at the cover 
20a section of the notebook size personal computer 20 is coated with a magnetic paint to provide a magnetic shield 
area 70 and a chip antenna 1 arranging area is not coated at its peripheral area with the magnetic paint to provide a 
non-magnetic-shield area as shown in FIG. 7. Stated in more detail, the chip antenna 1 arranging area has its peripheral 
side not coated to an about 1 cm width extent with the magnetic paint to provide a non-magnetic-shield area. 
[0071] Since, in this structure, there is no magnetic shield around the chip antenna, it is possible to transmit and 
receive a radio wave at the inner side of the housing of the cover and, in addition, it is also possible to obtain a broader 
band effect by providing a ground pattern of an analog circuit section at the periphery side of the chip antenna in a way 
to have its whole peripheral length set to be about one wavelength of an available radio band. Further, it is possible to 
achieve the thinning of the housing as a whole of the notebook size personal computer by arranging the antenna 
substrate 2a alone at the back surface of a liquid crystal display 24 and incorporating the radio module substrate 60 
into the body 20b of the notebook size personal computer 20. 

<Fifth Embodiment 

[0072] Now an improved example of the second embodiment will be explained below. The fifth embodiment is com- 
prised of a practical example in which the radio communication units of the first and third embodiments are stored in 
a cover with a liquid crystal display of a notebook size personal computer incorporated therein and are completely 
stored there without being projected. 

[0073] FIGS . 8 and 9 show a perspective view showing the structure of the fifth embodiment applied to the notebook 
size personal computer. The radio communication unit as explained in connection with FIGS. 1 A and FIG. 5 is arranged 
in the housing of a cover 2a of the notebook size personal computer. 

[0074] In the second embodiment as explained in connection with FIG. 2, the inner side of a housing of the cover 
20a is so constructed as to be electromagnetically shielded by being coated with the electroconductive paint for in- 
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stance. If, in this case, the radio communication unit 10 is completely stored within the housing of the cover 20a, then 
it is not possible to receive an incoming radio wave from an outside and transmit a radio wave toward an outside'. This 
is the reason why the chip antenna 1 section is projected from outside the housing of the cover 20a. 
[0075] The chip antenna section, though being smaller in size, appears unsightly in view of its being projected out- 
wardly from the notebook size personal computer which has recently been made smaller and smaller. 
[0076] An explanation will now be made about an embodiment in which even a chip antenna 1 section is completely 
stored in the housing of the cover 20a without being outwardly projected from the housing. Although, in this embodiment, 
even the chip antenna 1 section is completely stored in the housing of the cover 20a, the interior of the housing of a 
cover 2a is coated with an electroconductive paint except at a radio communication unit 1 0 mounting area to allow a 
radio wave to be transmitted to and received from an outside. By doing so, an electromagnetic shield area 70 is created. 
That is, according to this embodiment, no electroconductive paint is coated on the interior of the housing of the cover 
20a at the radio communication unit 1 0 mounting area. 

[0077] A liquid crystal display 24 is stored in the housing of the cover 20a and, in this case, the back surface side of 
the liquid crystal display 24 itself is covered with a metal plate so as to maintain its structural strength and suppress 
the radiation of an electromagnetic wave. This structure exerts no greater practical adverse influence on the leakage 
of an electromagnetic wave even if there is an area not coated with any electroconductive paint. 
[0078] In the present embodiment, the chip antenna 1 section is attached to the back surface side of the liquid crystal 
display 24 such that it is projected from the upper edge of the liquid crystal display 24 but it is situated at the inner side 
of the housing of the cover 20a as shown in FIGS. 8 and 9. The housing of the cover20a serves as a frame for holding 
the liquid crystal display 24 in place and, therefore, the liquid crystal display does not occupy a whole frame area of 
the cover 20a. 

[0079] In the housing of the cover 20a, there is a proper space between the housing and the upper edge of the liquid 
crystal display 24. The radio communication unit 1 0 is attached to the back surface side of the liquid crystal display 24 
or to the inner wall surface of the housing of the cover 20a such that, through the utilization of this space, the chip 
antenna 1 section is projected from the upper edge of the liquid crystal display 24. At the attachment of the radio 
communication unit 10 use may be made of any proper retaining means such as a double-sided bonding tape. 
[0080] At this time, the chip antenna 1 section is projected about 10 mm from the upper edge of the liquid crystal 
display 24 and, by doing so, is hardly affected by an electromagnetic effect from the back surface side metal plate of 
the liquid crystal display 24. Ideally, the radio communication unit 10 is located at the upper middle area of the cover 
20a as shown in FIGS. 7 and 8. 

[0081] By doing so, the radio communication unit 1 0, being viewed from outside the cover 20a, is situated at a non- 
electromagnetic shield area, thus enabling a radio wave to be freely transmitted and received to and from an outside 
at the antenna 1. 

[0082] It is to be noted that it may be possible to coat an electroconductive paint only on the chip antenna 1 section 
in place of on the whole area of the radio communication unit 10. In this case, an area not coated with the electrocon- 
ductive paint is formed about 10 mm around at least the chip antenna. Ideally the radio communication unit 10 is 
provided at the upper middle area of the cover 20a as shown in FIGS. 8 and 9, but it cannot be so done due to some 
restriction involved. 

[0083] In this case, the radio communication unit 10 may be provided a little to the right side as shown in FIG. 10 or 
a little to the left side from the middle of the cover 20a. Even in this case, it is needless to say that the electroconductive 
paint is not coated on an area about 10 mm around the radio communication unit 10 section or chip antenna section 
and the chip antenna 1 section is so provided as to be projected about 1 0 mm from the upper edge of the liquid crystal 
display 24 and, by doing so, is hardly affected by an electromagnetic effect from the back metal plate of the liquid 
crystal display 24. 

[0084] Although the various kinds of embodiments have been explained, it may be said that, in order to make the 
ground pattern on the printed circuit board with a chip antenna mounted thereon resonant to a specific frequency band, 
the whole peripheral length of the ground pattern is set close to one wavelength of a frequency of the specific frequency 
band whereby it is possible to obtain an antenna input section having a broader band characteristic. 
[0085] The present invention is not restricted to the above-mentioned embodiment and various changes or modifi- 
cations of the present invention can be made. Although, in the above-mentioned embodiment, the present invention 
has been explained mainly as being applied to the notebook size personal computer, it can be applied to various kinds 
of portable terminal units, mobile devices and installed devices. 

[0086] As set out in more detail above, according to the present invention, the ground on the printed circuit board 
with the chip antenna mounted thereon is made resonant to a specific frequency band and, by doing so, the broader 
band characteristic is obtained at the antenna input section. In addition, the chip antenna is provided on the printed 
circuit board with only the chip antenna section projected from the shield case of the liquid crystal display and it is, 
therefore, possible to readily radiate a radio wave and to obtain a broader directive performance. 
[0087] According to the present invention, it is possible to provide a radio communication device and an electronic 
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apparatus equipped with the radio communication device that can obtain a broader band characteristic of an antenna 
without deteriorating the radiation efficiency of the antenna. 



Claims 

1 . A radio communication device characterized by comprising: 

an antenna (1) for a predetermined frequency band; 

a radio communication circuit (4, 5) connected to the antenna (1); and 

a ground pattern (3) connected to the antenna (1 ), a peripheral length of the ground pattern being 0.7 to 1 .4 
times as great as one wavelength of the predetermined frequency band. 

2. The radio communication device according to claim 1 , characterized in that the peripheral length of the ground 
pattern (3) is 0.8 to 1 .25 times as great as one length of the predetermined frequency band. 

3. A radio communication device characterized by comprising: 

an antenna (1 ) for a predetermined frequency band, the predetermined frequency band being 2.4 GHz to 2.5 
GHz; 

a radio communication circuit (4, 5) connected to the antenna (1 ); and 

a ground pattern (3) connected to the antenna (1), a peripheral length of the ground pattern being 90 mm to 
170 mm. 

4. The radio communication device according to claim 3, characterized in that the peripheral length of the ground 
pattern (3) is 1 1 0 mm to 1 50 mm. 

5. The radio communication device according to any one of claims 1 to 4, characterized by further comprising a 
printed circuit board (2) with the antenna (1 ) and ground pattern (3) attached thereto. 

6. The radio communication device according to any one of claims 1 to 4, characterized in that the ground pattern 
(3) comprises a first ground pattern (3a) and a second ground pattern (3b) separately formed, and radio commu- 
nication device further comprises an inductance element (55) connected between the first and second ground 
patterns (3a, 3b). 

7. The radio communication device according to any one of claims 1 to 4, characterized in that the antenna (1) is 
made of ceramic. 

8. The radio communication device according to claim 7, characterized in that the antenna (1) comprises one of a 
chip dielectric antenna and a chip multilayer antenna. 

9. An electronic apparatus characterized by comprising: 

means (20b) for processing information; 

means (4, 5) for allowing radio communication of the information processed by the means (20b) for processing 
information; 

an antenna (1) for a predetermined frequency band which is connected to the means (4, 5) for allowing radio 
communication; and 

a ground pattern (3) connected to the antenna (1), a peripheral length of the ground pattern being 0.7 to 1.4 
times as great as one wavelength of the predetermined frequency band. 

10. The electronic apparatus according to claim 9, characterized by further comprising a display device (24) having 
an information display section and an electromagnetic shield section, and wherein the antenna (1) is provided on 
the display device (24) and projected a predetermined length from the electromagnetic shield section. 

1 1 . The electronic apparatus according to claim 1 0, characterized in that an amount by which the antenna (1 ) is pro- 
jected from the electromagnetic shield section is at least 5 mm. 
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12. The electronic apparatus according to claim 1 0, characterized by further comprising a housing (20a) that contains 
the display device (24) and provides an electromagnetic shield area (70) except at an antenna providing section. 

13. The electronic apparatus according to claim 9, characterized in that the peripheral length of the ground pattern (3) 
is 0.8 to 1 .25 times as great as one length of the predetermined frequency band. 

14. An electronic apparatus characterized by comprising: 

means (20b) for processing information; 

means (4, 5) for allowing radio communication of the information processed by the means (20b) for processing 
information; 

an antenna (1) for a predetermined frequency band which is connected to the means (4, 5) for allowing radio 
communication, the predetermined frequency band being 2.4 GHz to 2.5 GHz; and 

a ground pattern (3) connected to the antenna (1), a peripheral length of the ground pattern being 90 mm to 
170 mm. 

15. The electronic apparatus according to claim 14, characterized in that the peripheral length of the ground pattern 
(3) is 11 0 mm to 150 mm. 

16. The electronic apparatus according to any one of claims 9 to 15, characterized by further comprising a printed 
circuit board (2) with the antenna (1 ) and ground pattern (3) attached thereto. 

17. The electronic apparatus according to any one of claims 9 to 15, characterized in that the ground pattern (3) 
comprises a first ground pattern (3a) and a second ground pattern (3b) separately formed, and the electronic 
apparatus further comprises an inductance element (55) connected between the first and second ground patterns 

(3a, 3b). 

18. The electronic apparatus according to any one of claims 9 to 15, characterized in that the antenna (1) is made of 
ceramic. 

19. The electronic apparatus according to claim 18, characterized in that the antenna (1) comprises one of a chip 
dielectric antenna and a chip multilayer antenna. 
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